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6'a (0.084 g, 0.087 mmol, 13% from 2a) as a colorless sticky oil that solidified after one week. NMR (C 6 D 6 , δ/ppm): 1 H (300 MHz) s13,s14 2.40-2.26 (br m, 4H, PC'H 2 ), 2.15-2.00 (br m, 4H, PC'H 2 ), 1.99-1.88 (br m, 4H, PCH 2 ), 1.85-1.63 (br m, 8H, PCH 2 CH 2 and PC'H 2 C'H 2 ), 1.58-1.42 (br m, 20H, remaining CH 2 ), 1.40-1.11 (br m, 44H, PC'H 2 C'H 2 and remaining C'H 2 ); 13 C{ 1 H} (100 MHz) s13,s14 176.5 (t, 2 J CP = 7.4 Hz, CO), 30.5 (virtual t, s7 3 J CP = 6.8 Hz, PCH 2 CH 2 CH 2 ), 29.0 (virtual t, s7 3 J CP = 6.0 Hz, PC'H 2 C'H 2 C'H 2 ), 28.5 (s, CH 2 ), 28.4 (s, CH 2 ), 28.1 (s, CH 2 ), 27.8 (s, CH 2 ), 27.1 (s, C'H 2 ), 27.0 (s, C'H 2 ), 26.8 (s, C'H 2 ), 26.1 (s, C'H 2 ), 25.5 (virtual t, s7 1 J CP = 15.9 Hz, PCH 2 ), 23.4 (s, PCH 2 CH 2 ), 22.6 (virtual t, s7 1 J CP = 15.3 Hz, PC'H 2 ), 21. cis,cis,trans-Os(CO) 2 (Cl) 2 (P((CH 2 ) 16 ) 3 P) (6b) and cis,cis,trans-Os(CO) 2 (Cl) 2 (P(CH 2 ) 15 -CH 2 )((CH 2 ) 16 )(P(CH 2 ) 15 CH 2 ) (6'b). Complex 4*b (0.571 g, 0.545 mmol; the entire quantity prepared above), PtO 2 (0.018 g, 0.080 mmol), H 2 , and THF (30 mL) were combined in a procedure analogous to that used for the hydrogenation of 4*a. A similar workup including an identical SiO 2 column gave 6b (0.052 g, 0.049 mmol, 5% from 2b) as a white solid and 6'b (0.308 g, 0.293 mmol, 51% from 2b) as a colorless sticky oil. TGA: onset of mass loss, 268.7 °C. Anal. calcd (%) for C 50 H 96 Cl 2 O 2 P 2 Os (1052.38): C 57. 06, H 9.19; found C 56.97, H 8.96 . NMR (C 6 D 6 , δ/ppm): 1 H (300 MHz) s12 2.12-1.99 (br m, 12H, PCH 2 ), 1.71-1.55 (br m, 12H, PCH 2 CH 2 ), 1.51-1.31 (br m, 72H, remaining CH 2 ); 13 C{ 1 H} (100 MHz) s12 176.5 (t, 2 J CP = 7.5 Hz, CO), 30.1 (virtual t, s7 3 J CP = 6.5 Hz, PCH 2 CH 2 CH 2 ), 29.1 (s, CH 2 ), 28.7 (s, CH 2 ), 28.3 (s, CH 2 ), 28.1 (s, CH 2 ), 27.5 (s, CH 2 ), 23.4 (virtual t, s7 1 J CP = 15.6 Hz, PCH 2 ), 22.4 (s, PCH 2 CH 2 ); 31 P{ 1 H} (121 MHz) -13.8 (s). 
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6'b:
Anal. calcd (%) for C 50 H 96 Cl 2 O 2 P 2 Os (1052.38) : C 57.07, H 9.19; found C 56.92, H 8.85 . NMR (C 6 D 6 , δ/ppm): 1 H (300 MHz) s13,s14 2.45-2.30 (br m, 4H, PC'H 2 ), 2.20-2.03 (br m, 4H, PC'H 2 ), 2.01-1.89 (br m, 4H, PCH 2 ), 1.84-1.64 (br m, 8H, PCH 2 CH 2 and PC'H 2 C'H 2 ), 1.54-1.37 (br m, 24H, remaining CH 2 ), 1.36-1.06 (br m, 56H, PC'H 2 C'H 2 and remaining C'H 2 ); 13 C{ 1 H} (75 MHz) s13,s14 176.5 (t, 2 J CP = 7.4 Hz, CO), 30.7 (virtual t, s7 
Alkene metathesis of 2c. Complex 2c (0.896 g, 0.738 mmol), chlorobenzene (750 mL; the resulting solution was 0.0010 M), and Grubbs' catalyst (0.045 g, 0.055 mmol, 7.5 mol%) were combined in a procedure analogous to that used for the metathesis of 2a. An identical workup gave crude 4*c (0.710 g, 0.679 mmol, 92%) as a light brown sticky oil. NMR (C 6 D 6 , δ/ppm): 1 H (300 MHz) 5.56-5.45 (br m, 5H, CH=), 5.40-5.35 (br m, 1H, CH=), 2.42-1.12 (br m, 96H, CH 2 ); 31 P{ 1 H} (121 MHz) −13.2 (s, 39% of integral), −13.48 (s, 17%), −13.52 (s, 14%), −13.66 (s, 10%), −13.69 (s, 12%), −13.8 (s, 8%).
cis,cis,trans-Os(CO) 2 (Cl) 2 (P((CH 2 ) 18 ) 3 P) (6c) and cis,cis,trans-Os(CO) 2 (Cl) 2 (P(CH 2 ) 17 -CH 2 )((CH 2 ) 18 )(P(CH 2 ) 17 CH 2 ) (6'c). Complex 4*c (0.710 g, 0.679 mmol; the entire quantity prepared above), PtO 2 (0.025 g, 0.111 mmol), H 2 , and THF (30 mL) were combined in a procedure analogous to that used for the hydrogenation of 4*a. A similar workup including an identical SiO 2 column gave 6c (0.192 g, 0.169 mmol, 23% from 2c) as a white solid and 6'c (0.100 g, 0.088 mmol, 12% from 2c) as a colorless sticky oil. 28.9, 28.75, 28.67, 28.64, 28.4, 28.3, 28.0, 27.4 Alkene metathesis of 3a. Complex 3a (0.800 g, 0.705 mmol), chlorobenzene (700 mL; the resulting solution was 0.0010 M), and Grubbs' catalyst (0.041 g, 0.049 mmol, 7.0 mol%) were combined in a procedure analogous to that used for the metathesis of 2a. An identical workup gave crude 5*a (0.682 g, 0.649 mmol, 92%) as a light brown sticky oil. cis,cis,trans-Os(CO) 2 (Br) 2 (P((CH 2 ) 14 ) 3 P) (7a) and cis,cis,trans-Os(CO) 2 (Br) 2 (P(CH 2 ) 13 -CH 2 )((CH 2 ) 14 )(P(CH 2 ) 13 CH 2 ) (7'a). Complex 5*a (0.682 g, 0.649 mmol; the entire quantity prepared above), PtO 2 (0.015 g, 0.066 mmol), H 2 , and THF (30 mL) were combined in a procedure analogous to that used for the hydrogenation of 4*a. A similar workup (SiO 2 column, 3.5 cm × 30 cm, 3:1 v/v hexanes/CH 2 Cl 2 ) gave 7a (0.231 g, 0.219 mmol, 31% from 3a) as a white solid and 7'a (0.131 g, 0.124 mmol, 18% from 3a) as a colorless sticky oil that solidified after one week. cis,cis,trans-Os(CO) 2 (Br) 2 (P((CH 2 ) 18 ) 3 P) (7) and cis,cis,trans-Os(CO) 2 (Br) 2 (P(CH 2 ) 17 -CH 2 )((CH 2 ) 18 )(P(CH 2 ) 17 CH 2 ) (7'c) Complex 5*c (0.565 g, 0.462 mmol; the entire quantity prepared above), PtO 2 (0.018 g, 0.080 mmol), H 2 , and THF (30 mL) were combined in a procedure analogous to that used for the hydrogenation of 4*a. A similar workup (SiO 2 column, 3.5 cm × 30 cm, 3:1 v/v hexanes/CH 2 Cl 2 ) gave 7c (0.237 g, 0.193 mmol, 27% from 3c) as a white solid and 7'c (0.210 g, 0.171 mmol, 24% from 3c) as a colorless sticky oil. cis,cis,trans-Os(CO) 2 (Br) 2 (P(n-C 8 H 17 ) 3 ) 2 (8a). A Schlenk flask was charged with 3a (0.500 g, 0.440 mmol), PtO 2 (0.015 g, 0.066 mmol), and THF (20 mL), connected to a gas balloon, and partially evacuated. Then H 2 (1 bar) was introduced, and the suspension stirred. After 24 h, the solvent was removed by oil pump vacuum. The residue was filtered through Al 2 O 3 using CH 2 Cl 2 . The solvent was removed from the filtrate by oil pump vacuum to give 8a (0.427 g, 0.372 mmol, 85%) as a colorless oil. 
trans-Os(CO) 3 (P((CH 2 ) 14 ) 3 P) (9a). A Schlenk flask was charged with 6a (0.100 g, 0.107 mmol) or 7a (0.100 g, 0.098 mmol) and THF (10 mL). The solution was aspirated with CO (15 min).
Then a suspension of C 8 K (0.331 g, 2.45 mmol or 0.361 g, 2.68 mmol) in THF (10 mL) was slowly added. The reaction was monitored by 31 P NMR. After the educt has been consumed, graphite powder and unreacted C 8 K were removed by cannula filtration. The filtrate was concentrated to 5 mL by oil pump vacuum, and MeOH (20 mL) was added. The colorless precipitate was isolated by filtration and washed with MeOH. The filter was rinsed with CH 2 Cl 2 to dissolve the product and remove insoluble solids. The solvent was removed from the filtrate and the residue dried by oil pump vacuum to give 9a (0.086 g, 0.093 mmol, 87%, or 0.074 g, 0.080 mmol, 82%) as a white solid, mp 248 °C, dec (gradual darkening, >180 °C; capillary). trans-Os(CO) 3 (P((CH 2 ) 18 ) 3 P) (9c). Complex 7c (0.100 g, 0.082 mmol), C 8 K (0.327 g, 2.42 mmol), and THF (20 mL) were combined in a procedure analogous to that used for 9a. An identical workup gave 9c (0.071 g, 0.065 mmol, 79%) as a white solid, mp 61 °C (capillary). Crystallography. Refer to Table s2 for selected aspects of data collection. 25
A. A CH 2 Cl 2 solution of 6a was layered with MeOH. After 7 d, data were collected on the resulting colorless prisms. Cell parameters were obtained from 10 frames using a 10° scan and refined with 9288 reflections. Lorentz, polarization, and absorption corrections s26 were applied. The space group was determined from systematic absences and subsequent least squares refinement. The structure was solved by direct methods. The parameters were refined with all data by full matrix least squares on F 2 using SHELXL-97. s27 Non-hydrogen atoms were refined with anisotropic thermal parameters. The hydrogen atoms were fixed in idealized positions using a riding model. One chloride and one CO ligand showed disorder over two positions and were refined to a 51:49 occupancy ratio. Scattering factors were taken from literature. s28
B.
A C 6 D 6 solution of 6b was layered with MeOH. After 7 d, data were collected on the resulting colorless thin plates. Cell parameters were obtained from 180 data frames using a 0.5° scan and refined with 83787 reflections using the program Cell Now. s29 Integrated intensity information for each reflection was obtained by reduction of the data frames with SAINTplus. s30 Data were scaled, and absorption corrections were applied using the program SADABS s31 . The structure was solved by direct methods using SHELXTL (SHELXS) s27 and refined (weighted least squares refinement on F 2 ) using SHELXTL (X-Seed). s27,s32 Two independent molecules were found in the asymmetric unit. The first molecule (Os1_Mol) could be easily located. While the heavier atoms of the second (Os2_Mol) could be located, strong Q peaks around Os2 suggested possible whole molecule disorder. Also, the thermal ellipsoids of Os2, P51, and P52 were elongated. Four partially occupied chlorine atoms (Cl51, Cl52, Cl53, Cl54) were located. While some of the carbon atoms bonded close to P51 could be established, the remaining carbon atoms linking P51 to P52 could not be accurately determined.
The whole molecule disorder of Os2_Mol was modeled with strong restraints, making it similar to Os1_Mol. This decreased reliability factors significantly, and the disorder refined to a 53:47 occupancy ratio. Finally, the thermal ellipsoids of the carbon atoms in the methylene chains were also strongly restrained to avoid rendering them non-positive definite. At the end of the refinement, many of the carbon atoms were large, indicating only partial modeling of the disorder. Non-hydrogen atoms were refined with anisotropic thermal parameters.
C. A C 6 D 6 solution of 6c was layered with MeOH. After 7 d, data were collected on the resulting colorless multi-faceted crystals. Cell parameters were obtained from 60 data frames using a 0.5° scan and refined with 67059 reflections. Integrated intensity information for each reflection was obtained by reduction of the data frames with the program APEX 2. s33 Lorentz and polarization reduction and corrections were applied. Data were scaled, and absorption corrections were applied using the program SADABS. s31 The structure was solved by direct methods using SHELXTL (SHELXS) s27 and refined (weighted least squares refinement on F 2 ) using SHELXTL (X-Seed). s27,s32 Non-hydrogen atoms were refined with anisotropic thermal parameters. The hydrogen atoms were placed in idealized positions, and refined using a riding model. Upon refinement, the Os1-C2 distance was too long, and the C2-O2 distance too short (R1 and wR2 were 0.0314 and 0.0711 respectively). Also, the principal mean square atomic displacements for Cl1 were large relative to the corresponding values for Cl2, suggesting a possible lower occupancy for Cl1. This raised the possibility of a rotational disorder (2-fold along Cl2-Os1-(C1-O1) axis) between Cl1 and C2-O2. Upon modeling this disorder, the reliability factors decreased (R1 = 0.0288; wR2 = 0.0637) and the thermal parameters and bond lengths of Os1-C2 and C2-O2 were well behaved. A twofold rotation along the Cl2-Os1-(C1-O1) axis should also lead to disorder in the methylene chains. No effort was made to model this, considering the large increase in the number of refinement parameters, and given the low degree of disorder.
D.
A THF solution of 7'a was layered with MeOH. After several weeks, data were collected on the resulting colorless multi-faceted crystals. The structure was solved and refined in a manner identical to that of 6c (cell parameters from 60 frames using a 0.5° scan and refined with 31737 reflections).
There were two independent molecules in the asymmetric unit. Most of the atoms were symmetrically related, pointing to C2/c as a possible space group (additional symmetry was sought with the program PLATON). s34 However, in monoclinic C2/c some of the disorder of the methylene chains was difficult to model and gave non-positive definite thermal parameters for some of the carbon atoms (even when strong restraints were set). The structure was ultimately refined in the triclinic P-1.
No observable reflections were seen above a 2Θ value of 45°. Several Q peaks were found in the Fourier difference map along the methylene chains. Efforts to model this disorder resulted in a large increase in the number of parameters as well as the number of restraints with no significant improvement in the reliability factors. Restraints were used to keep the bond lengths and the thermal ellipsoids meaningful. Thus, some of the C-C-C angles in the methylene chains deviated from idealized values, resulting in short H-H and meaningless C-H contacts.
Several rationales, e.g., twinning, insufficient modeling, presence of undetected disordered solvents, incorrect space group, etc., were evaluated. All the possible triclinic and monoclinic space groups were also evaluated. The best results were obtained for P-1, followed by C2/c. Alternative methods for absorption corrections including face indexing did not improve the results. Relatively high reliability factors again indicated insufficient agreement between the model and the data. A second data set was collected with a Cu-source as opposed to a Mo-source; the results were comparable.
E. A C 6 D 6 solution of 7b was layered with MeOH. After 7 d, data were collected on the resulting colorless multi-faceted crystals. The structure was solved and refined in a manner identical to that of 6c (cell parameters from 60 frames using a 0.3° scan and refined with 103619 reflections). After refinement, residual electron densities (Q peaks, 1.0-1.6 eÅ -3 ) were found around 0.70-0.85 Å from the osmium and bromine atoms. The distances between these Q peaks agreed well with the osmium-bromine distance (2.58 Å), suggesting a small degree of whole molecule disorder. No attempts were made to model this disorder. Also, the carbon atoms C37 to C47 showed larger thermal ellipsoids, indicating disorder of this methylene chain. The thermal parameters were restrained for these carbon atoms.
F. A C 6 D 6 solution of 7c was layered with MeOH. After 7 d, data were collected on the resulting colorless multi-faceted crystals. The structure was solved and refined in a manner identical to that of 6c (cell parameters from 60 frames using a 0.3° scan and refined with 31866 reflections).
G.
A CH 2 Cl 2 solution of 9a was layered with MeOH. After several weeks, data were collected on the resulting colorless prisms. The structure was solved and refined in a manner identical to that of 6a (cell parameter from 10 frames using a 10° scan and refined with 5313 reflections).
H.
A CHCl 3 solution of 9a-H + BAr f -was layered with MeOH. After 7 d, data were collected on the resulting colorless thin plates. Cell parameters were obtained from 180 data frames using a 0.5° scan and refined with 63051 reflections using the program Cell Now. s29 Integrated intensity information for each reflection was obtained by reduction of the data frames with APEX 2. s33 Data were scaled, and absorption corrections were applied using the program SADABS. s31 The structure was solved by direct methods using SHELXTL (SHELXS) s27 and refined (weighted least squares refinement on F 2 ) using SHELXTL (X-Seed). s27,s32 Non-hydrogen atoms were refined with anisotropic thermal parameters. The hydrogen atoms were placed in idealized positions, and refined using a riding model. Some fluorine atoms of the BAr f -anion and some carbon atoms of the methylene chains showed elongation, suggesting disorder. Efforts to model the disorder increased the number of parameters as well as the number of very strong restraints, and yielded much increased reliability factors. Relaxing the restraints resulted in divergence of the refinement. SIMU and DELU commands were used to slightly reduce the elongation.
A small electron density peak was located near the osmium atom that geometrically fit the anticipated hydride ligand. This was designated H1OS. However, the exact location of the hydrogen atom could not be determined, and was only modeled to account for the formulation supported by the NMR data. The bond distance reported in the CIF file (1.3800 Å) has no physical meaning, as the hydrogen atom position could not be refined.
I.
A C 6 D 6 solution of 11a was layered with MeOH. After 7 d, data were collected on the resulting colorless multi-faceted crystals. Cell parameters were obtained from 60 data frames using a 0.3° scan and refined with 44786 reflections. Integrated intensity information for each reflection was obtained by reduction of the data frames with the program APEX 2. s33 Lorentz and polarization reduction and corrections were applied. Data were scaled and absorption corrections were applied using the program SADABS. s31 The structure was solved by direct methods using SHELXTL (SHELXS) s27 and refined (weighted least squares refinement on F 2 ) using SHELXTL (X-Seed). s27,s32 Non-hydrogen atoms were refined with anisotropic thermal parameters. The hydrogen atoms were placed in idealized positions, and refined using a riding model. Two cis positions exhibited disorder, with each refining to a 50:50 CO/methyl occupancy.
J.
A CH 2 Cl 2 solution of 12a was layered with MeOH. After 7 d, data were collected on the resulting colorless multi-faceted crystals. The structure was solved and refined in a manner identical to that of 6c (cell parameters from 60 frames using a 0.5° scan and refined with 33979 reflections). No observable reflections were seen above a 2Θ value of 42°. Even longer collection times per frame (exposure time 40 s instead of 20 s) did not increase the intensity at higher angles. Significant disorder of the methylene chains, the carbon atoms of which were seen as elongated thermal ellipsoids, could account for the absence of higher angle reflections. Trials to model this disorder, while increasing the number of restraints, did not improve the refinement results. Hence, SIMU and DELU commands were used to make the thermal ellipsoids reasonable. anti segments 8/8/9 11/9/6 9/9/7 10/10/10 gauche segments 5/5/4 4/6/5 5/6/6 7/7/7 anti segments 8/8/6 7/6/7 9/8/9 10/10/10 gauche segments 5/4/7 5/4/6 6/7/6 7/7/7 
